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Abstract

The experimental data of Bircumshsw and Newman are analyzed in
terms of a linear rate of progression of the interface between resi-
due and undecomposed crystal, Linear decomposition rates correspond-
ing to given temperatures are derived directly from the maximum rate
poritions of the sigmold curves of product pressure versus time, It
is proposed that in the temperature range 220°C to 280°c, the decom-

* This work was supported wnder Contract AF18(600)-1026 by the United
States Air Force, through the 0Office of Scientific Research of the
Air Research and Development Command OSR=TN=55-142.




position interface travels exclusively timough the disordered material
between the mosaic blocks of the crystal and does not penetrate the
interior of thess blocks, -Absolute rate treatments in the mamner of
laidler, Glasstons, and Fyring are presented for each of the two crystal
forms (orthorhonbic and oubic), These treatments are similar to those
proposed for the sublimstion of onic eolids and the vaparisstion of
s0lid ammonium chloride, respectively,




Introduction

mmmm1mnmmmwmuorm

1 L. Lo Bircunshaw and B, Ml Newmn, Proce Roye Soce (london), A227,

115=132, 228-2l1 (1954).
exceptionslly detailed investipation of the kinetics of decomposition
of smonium perchlorate. The present writers somotime ago obtained a
report of well over a hundred pages containing the excellent original
2 1o Lo Bircumshaw and B, H, Newmn, Interim Report, larch, 1951,
data which facilitated the following theoretical analysis, The prosent
paper 1s based upon a discussion’ originally presented in 1952 and re-
3 R. D. Schults end A. O Dekker, "The Finstics of Decomposition of
Atondun Perchlorate® pressnted at the 122nd National Meeting,
Amarican Chemical Society, Atlantic City, New York, September, 1952,

oently modified in the light of recent studies on the linear vaporie
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b 3. . Schults and A. Ne Naldoor, "he Aboolute Thermal Decoaposition
Rates of Solids, Part I,” in the Fifth International Combustion
Symposiun (1954), Rainhold Publishing Company, Mow York, (1955)e

5 Re D. Schults and Ae 0o Nakker, to be published, OSR-TH-55-1L1.
molecular and londc crystalse’

6 A, D, Schults and Ae 0 Dekicor, Jo Cheme PlySe 4n press. OSR-TH-Sh=367.

7 % Do Schuilts and A, 0, Deidker, to be publisheds OSR-TN-55-138

By @ serics of excellent photamicrographs on individusl crystals
of ammnius parchlorate, Pircusshew and Newsn® demonstrated that the
slow docamposition at 230°C proceeds by the formation of opaque spots
(1009 nclel) on the crystal surface, Thase spots then grow in sise
and eventually coalesce to form a continuous opaque region whose boundary
ummmtmu-mwmmmm
the center of the crystale "hen the bowndary reaches the center of the
cryatal, decomposition ceases, leaving a porous pseudomorph which is
sti1) pure mmoniwm perchlorate but which has a density omly 70% of that
of the original crystal.




In the following discussion, it is shomn that a single consistent
treatnant of the kinetic data can be made in terms of the linear rate

of progression of the interface betwsen partially degomposod and wne
decaposod crystal, Amdiﬁmtiq:ofammbyrmsuwdto

% e 7. Yott, Proce Roye Soce (London), A172, 325 (1939)s

analyze the ueodmtory (or nucleation) period, and a modification of
& treatment by Topley and Hume® is used to analyse tho deceleratory (or

? Be Topley and J m.mw.m(m).wmum).
postecoalesoencs) period, An explanation for the cbserved cessation of
the reaction at 307 complotion is proposed on ths basis of the concept
of mosaic structure in crystals, The experimental linear rates derived
ty this analysis provide a basis for a transition.state absolute rate
treatnent in the mamner of Glasstons, laidler, and Fyring, These latter
calculations suggest that the interrmosalo materisl of the orthorhonbdo
crystal decomposes below 250°C via a primary rate-controlling step re-
quiring the attaiment of nearly free rotation of the perchlorate ion,
On the other hand, the intermosaic material of the cubic crystal appoars
to decompose sbove 250°C via @ rate-controlling step which involves
mu‘.wwu&,:mmmmm
adsorbod state at the dooomposition interfaoce
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of decomposition on the crystal surface muy bo associated with the for-
" metion of free adsorbed perchloric acide T support this hypothesis, thay

have damonstrated that the induction pericd for decompositicon is considarw
ably shortened by crystallizing somo of the salt with perchloris acid as

8 2% impurity. Moreover, they find that the induction period s considore

ably lengthened by a small pressure of amwonia over the sult, presumably
caused by the neutralisation of adsorbed perchloric acid. Aoccordingly,
the following mechanism is gssumed for the nucleation processs

"“h‘m’h*—r-‘ “"3 “‘”“’h*v-a-— ’“‘3 + Han, @

(crystal) gplvaicany ade) ‘adaorbed on;
(surface) surface)
‘ coplex )
state
symbol  (ss) (ad) () {ad)

Tot da/dt be the rute of escape of Ny (g) from the surface of the arystal
in molecules sec™t cx2, As a first approxination, the back resctions
(1b) and (1d) are neglected and reaction (16) is assumed to be rate cone
trolling, oo that

3 =k, 06y 1 A0, = K, @

mk.uunmmnumcmmm ac),ud-htn'x'



1s @ combination constant, (The alternate assumption that reaction (la) -
1s rate-controlling will not affect the mathematical form of the decome
position pressure-time relationship (13) below,) Assume in this first
appmudmuaiﬂnttlnmuofuapoofperchloﬂcacﬂ.dfrmﬂnmtm
is negligible, Assume also that the time required to attain temperature
oquilibrium is negligible compared to the duration of the muclention
period, At tims t after start of hesting, the concentration of perchloric
acld in the surface is

(F0) )4 = 8 = Kt (3)

mmmtmadaorbednmohormzhmummtoteo. A
micleus will be considered to be in existence when a oertain mumber, J,
ofHOth (ad) molecules have migrated to a potential nucleus site (1.6.,
surface discontinuity) and have decomposed to leave a surface hole. The
mobility of thoe adsorbed perchloric acid could be the result of a surface
lattice migration procees of a type discussed by Macionalde® ror

10 Jo Yo Machonald, Trans, Far, SocC., ,_JL 360-953 (1951).
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The formation of an empty space in the surface lattice caused by a
deconposition reaction of § molecules of HC10, at & potential micleus
site should loosen the lattice restraints on the immediately adjacent
ions, thereby permitting them to enter decomposition reactipns. (This
situation is comporable to the calcium carbonate decomposition dise
cussed by Langmzire’l The latter used the phase rule to show that the

1 1. Lengmir, J, Ame Chem, Soce, 38, 2263-2267 (1916)

htticemunwleftbythemvaloramzmupmkmthebmds
by which adjacent groups are held,) The rate of nuclel formation per

ﬁnit. area of arystal is then
=k 7ed =k eI ®

thm?iaﬂnmnborofpotentmmclmﬁtuwmn“mdrh
1s tho specific rate constant of the nucleation process, .

It has been cbservad in many crystal decompositions that the radial
growth rate (dr/dt) of a nucleus is constant wnder isothermal conditions
and varies with temperature T acoording to the eqmation

B= dr/dt = B «xp (<F/RT) (6)

]
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At the time 7%, the radius of a mucleus born at time ¢ is
raB(T=-t) (n

Doth 1 and ¢ are measured from the commencement of heating,
The volume of a hemisphericsl nuclous is

V= (/)T (T=t) (8)
and tho total volume Vnofannxmclei existing at anytime T before
coaloscanse (1.6., before appreciablo interfercnce of decomposition
gones occurs) is

n .
LA =§ (2/3) B (T - t)%dn 9)
o .

where dn is given by equation (5), Hence

¥ | X
V= \f (2/3) T Pi,red 3 (7 - oY (20)
Integration gives

brek ¥ed | EEY
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If it is assumed that perchloric acid decomposes by a bimolecular re=
action at a potential nucleus site, J = 2, so that

= (RTINS (22)

In the absence of secondary roactions at time (t), the pressure (p) of
decomposition products above the salt is proportional to vn, so that

p = (TP 25076 ‘ a3

where C is a constant of proportisnality, DPyuation (13) is identical
in form to the power expression, p = kt* (where x = 6,2 = 0,5) which
Pircumshew and Newman® found to hold for the accelerstory period at
220 « 275°C, Secondary resctions in the gaseous decomposition products
which involve volume changes will not affect the exporimental value of
the exponent x provided that the final dscomposition is attained in a
tine which is either very smll or very large compared to the duration
of the acceleratory period,
ﬂnabovoea;cnlatiommggm_ﬂmtmnMotbimlecu]uro-
action is responsible for the formation of a nucleus but it is by no
means cortain that the reaction involves perchloric acide An alternoe
unmmmtumuwwmm(ormm

,wmwudu)mvmuwmmmuuunm

lesce at a discontinuity in the crystal would lead to a mathematiocal
expression of the same form as equation (13)s (See He Fo mso)




The Yeximum Rate Poriod
 Dnoe coalascence of the growing nuclei has occurred so that the

eurface 18 completely covered by a layer of residus; equation (13) is
no longer volid, At this time, the reaction interfaces no longer ine
crease in area, Instead, the resulting single interface decreases in
areca as it progresses toward the center of the crystal, Let the shape
of a given orystal at oconloscence time ty be approximated as a sphere
orra.di\ury. The volume VY, of wndecouposod crystal inside this sphore

b 4
ét time f'y is
v, = Ws)mf, (L)
At the later timo ¢, the volume vtofmdoompoeed orystel is
3
A (hla)xr":-y - B(t - s,;] (15)
Diffarentistion gives
) 2
| r -
dve/dt = JTB Ll'y -B(t - %ﬂ (16)

mrﬁudw:o!dmuummmamdp/dtum-
portionsl to the rate of volune decraase =dv,/dt end to Q the mumber
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of cryetils assused wniform in size and shape, so that
4

——

dp/at = 4 TTqeo T, = Bt -t

-

Qan

where G is a proportionality constont, The moximum rate occurs at the
timtat,yao-that

(dp/dt), = kTR0 r; | (18)

The mumber of crystals Q in a fixed initial weizht & of uniform mhc:.oh
crystals (assumed spherical in shape) is

Qﬂcw-z:-; | (19)

0

mmrohthommmmlradluaandpitsdmw.
Insertion of (19) into (18) gives

1'2 .
(efer)y =372 & (20
o

-4

Let the differcncs between the initial radius of the crystal and the
radius of the spherical reaction interface at coalescetice be , ®0
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that

Ty 2T, ~& ()
and

(dp/clls)y PN (ro - 5}2 /‘rz & (rﬁ -2r b+ 4 2,)/!‘3 (22) o< = pro-
‘ portional to
For larze crystgls, s is smnll compared to r, so that
(dp/at), o< 1, (23)

Thus, the maximm rate for a given mass of large mhm.oh crystals should

vary inversely as the initial crystal radius, Indoed, this is nsarly
the relatiomship cbserved by Mrcwsshaw and Newman® for crystals greater
than 0,004 inches in diemeter. Bolow this size, the maximm rate was
found to decrease with decresse in dismeter, This resilts from the fact
that coalescence occurs at greater percenteges of decomposition for the
smaller particles (f.esy § 12 ho longer ooall ocipered to r )e Yampell?

12 ¥\ Lo Mampel, 7. Physik, Chems, AL8], L3-57, 235-29 (19L0)s

' mdidadﬂhrmlmmabmtthoofrmadmmm

onl the rate of so0lid decomposition,
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For a given batch of uniform crystals, the point of inflection of
tho commonly cbserved sigrmoid decomposition pressure-time curves corre
spond approxinately to ¢, the tine of coalescance of the muclei on the
surface of the crystal, At time t = t_ tho decomposition rate, in terms

y v
of fraction of original crvstal volume Vs 18 from equation (16)

( AL )y- -3B —j— (24)

Bat 'Io is proportional to Pps the final decomposition pressure, 8o that
(2i) becomes

ap/) Pf

_=3ﬁ- | f.zs)

The ratio of the volume V,ofmcmpommltoﬂnorigim
volxmvohuttmet

v
- T oaBeh | (26)
o -5- Pe

o
m.mormwuummrmnumtyn.mrm,

y =T, (Pp p,)"” ,;1/3 (27)
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The maximum rate of linear progression of the decomposition interface,

'Bsdr,/dt.attdmt is

h 4
(.
B= ro‘g/ )I !73- on sec'1 (28)
31" (P! - Py) .
w
where T, = initia) crystal radius on

('!!P/di'-)y = glope at the point of inflection of
sigmoid decomposition product

pressure - time curve m Hg —
py = decomposition product pressure at
point of inflection m Hg

Pe = final product pressure (assuming

no change in volums of eystem

during run) ‘ : m Hg
Ny means of equation (28), expsrimental values of B (plotted in Figure
1u%am1n)mdmmmmymmmmp-t
curves of the original Bircuushaw and Newmn dste® using their estimated
mean value of 7 ® 1.98 x 102 cm Pelow 513°K the linesr deccmposition
rate of the intermosaic material of the orthorhowbic NH,(C10) crystal is

given by

8 -l
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Atﬂfx,mmorm,‘cm,‘ummmumwmm

Above this temperature, the linsar decomposition rate of tho intermosalc

mtarhlotthamblcmhmoha-th

B"Hhmh (cubdo) . 2oh. x 101 oxp (-16.2@/@) o md (%)

It is of interest to compare equation (29) with an equation7 recently
estimated for the maximm linear rate of advance in vacuo of the decome
position interface between cnm3 ard Ca0

Bcnmycaﬂ = 737 2107 axp («37,600/%7)  moeecl  (R)

It is also of intarest to compare equation (30) with the equation for
the linear rate of vaporization of ammoniunm chloride obtained by an
analysist of the experimentsl data of H. Spingler,l>

o o ep Wb O G b G5 g W W D AP T 0 G0 G ED G0 GV G GO G ON D OB S Oh 4D ) @ A0 ™ W@ & o

13 §, spingler, 7. Physike Chem., BS2, 90-106 (19h2)e

B = L2200 e (s @ ()
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It follows from the previous mathematical analysis that the aquation
of the deceloratory portion of the sigmoid p « ¢t curve is

o 3
5= - [3-—7—-‘7-7"3(“'. ] ()

whera Ty is given by equation (27)e Figures 2, 3, and L compare the
deceleratory curves derived by squation (33) with the experimental
curves, At 215°c, the agreement is excellent but becomes progressively
poor with increasing temperature, The discrepancy at higher temper=
atures may be the result of an increase in the vaporization rate of the
salt without oxidization-reduction reactions in the gas phass or pere
haps may be the resmult of an impedance or hindering effect of the layer
of residue on ths oscape of gaseous products from the decomposition

interface,

The Thermodynemics of the Simple Nissociation Process

An enthalpy balance for the dissociation of orthorhonbic amionium
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perchlorate to gasecus wmsonia and perchloric acid may be wriiten os

mA0, T W, + A0, 4+ heetof (3h)

State  (orthorhomble)  (gas) (zas)
+ (erystal)
OHYWEK) <69k -1L0 =203 «5640
koal
a-mlo"l,
Reference 1 1 (Calculated)  (By Difference)

1 rational Bureen of Standards, Clreular 500 (1952)e
A value of 8,8 keal g-mlo'l for the enthalpy of vaporisation of
anhydrous perchloric acid was estimated from vapor pressure daulsw
B Je e Nellor, "Comprchonsive Troctise on Inorganic and Theoretical
Chendstry," Longmens, Green and Company, (London), Vole II, pe 377
use of the Clausius-Clapeyron equation, This onthalpy of vaporisation
maddedtotlnau.lkulghmh'lheat oftmtionofﬂcmh (14q)

(Refarence 14) to obtain the estimated value AHy (296°K) B0, (gas) S

«2¢3 koal gemole™l, Reaction (34), as written, is andothernic to the
extent of sbout 56 koal geole™>, This valus is somevhet uncertain




1) e

bemnﬂwhutotaqueoueaoluuonofﬁcloh (11q) is not known acou~

ratelyom

Since the endothermicity of the simple dissociation process

15 Ce Fo Goodeve and Ae E¢ Lo Yarsh, Jo Chente SocCe, 1816 (1937)e

(34) is muech higher than the observed activation energles for the
vaporization process, it follows that the latter must ocour in stages
rather than as a single stepe

The Nature of the Residus

Carner and Haﬂn” have puggested that, in cartain cases, solid
17 v, . Carner and fle 2 failes, Proc. Roy. Soce (London), 4139,
576595 (1933)e
decomposition might procesd preferentially along the boundaries of the
mosaic blocks comprising o crystals If the decomposition paths at 215
to 280°C travel exclusively through tho strained intermosaic lattice in
mhmhmwm&mmmutmmormMcm.

the formation of o residue stable at these temperatures is understandable,

The minimm size of the mosaic bloocks in somonium perchlorate mey be

ostimated on the assuwption that the thickness of the strained transition

latilce 1s about equal to tho side of a widt oell of the cubic lattices
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If the residue oonsists mainly of the original mosaic blocks with the
intermosaio material removed, it follows that |

B [l @

where D is the side dimension of the mosaic block

d  is the thickness of the intermoesic layor

07 is the fraction of the original mass remaining
, after cessation of decomposition,

&ttmdmmv.&a,mwwormmmémmMc
mhmoh (Refarence 18), gives a minimm average value of about 52 A for
g g U g U g g g
18 K, Herrwamn end ¥, Tlge, Z. Krist, 15y 166 (1921)e
tluaidodimuwimotﬁmuic-blb&orabout&h for the spacing of
ouccessive intarmssic layers,

mmm State m)_gsitim Rate Theory foxr
Intermosaic Cubic m&

Assume that the final stages of the mechanimm of decomposition of
the intermosaic material in tho cubic form of amaonium perchlorate is




[ UUS W,

e e

? A

1 0
/ ® 06| » '
% eHeo o:cﬂ.xo “.;:;:‘_._" N (gus) + HCLO, (gas) + S, (%)
¥
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Reaction Intermediate Irreveraible Nxidation-Reduction

where 32, is a dual adsorption site and where the reaction intermediate

ualoouﬂﬂs ] Hﬂohmluwhichiapmtcanyadaorbedattho
decomposition interface, Reactions (36a) and (36b) are similar to
those assumed in a recently revised sbsolute rate treatment’ of the
amnoniun chloride decomposition ""h C(s) = m3(8) + Hcl(g). A possi~
bility exists, therefore, of analysing the reverse reaction (36b) by a
straightforward application of the sbsolute Tate treatment formilated
by laidler, Classtons, end Eyring'’ for a bimolecular surface resction
19 See K. J. laidler, "The Absolute Rates of Surfece Reactions* in
Catalysis, Yol, I, Part 1, 195-243 (1954)3 P He Prmet, editor,
Reinhold Publishing Co., New York, See particularly ppe 224=217,
prooseding by Langmuir-Hinshelwood mechanisms, By analogy with the
troatment for ¥, Gl, the maximm exchange rate, reaction (36b), ehould
be equal to the msximm forward rate of resction (36a), Assuming the
latter to be rate-controlling, the maximum decomposition rate of the

. l oo
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intermosalc material of the cudbic form of amsonium perchlorate should
ocorrespond to tho equation

b - = [m, ] [ra], %, 5 - LA
Tiiygy THALE) T3y
ionepairs
a2 sec™t 2
m .
=d(NH,C10, )/dt = the decomposition rate per unit ares of
exposed surface of intermosaic ionepairs
o material o2 pec™t
'3“2!8 ‘a stendy state gas phase concentration
' of amonin in contact with the
reaction interface molecules cu™>
[mﬂs = steady state gas phase concentration
of perchloric acid in contact with
the reaction interface . mlecules o™
csz = conosntretion of bare dusl ade
sorption sites en‘z

= partition function of activated complex
over all degrees of freodom except
the vibrational mode included in kT/h



P
T

F = partition function of ammonda per unit volume
WHs(e) o s
r“mli(g) = partition function of ﬁwdﬁoric acid per
unit volume of gas phases -

‘32 = partition function of a bare dual adsorption
| site
E, = activation energy of surface reaction calories pemole r
kt/h = Eyring frequency for passage over
potential energy barrier | eac™t

' By a procedure nearly identical to thnt used for ammonium ehloride®

equation (38) mey be simplified to

| | b 4Ry 480 ) /T
B, a0, (m)"(-;l'"m T ’ng_;y’mf%@j s ﬂ%) o7

) ¢

vhere
kr/h » Tyring transitionestate frequency for passage
over a potential energy berrier: g0t
X = formila welght of MY,C20, g gmole™r
= density of m,‘m,‘ (cubic) s 1,95 g o

| = Avogadrots nusber molecules annlc"l
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£* (trons) = partition function for o onesdimensional trans-
lation motion of the center of gravity of the
complex in the plane of the crystal surface.
As an approximation £* (trans) == 1

£(v) = gingle mode vibrational partition function of

the form " E!.-ea:p(-hv/k‘lﬂ"l. As an ap=

proximation £{v ) &< k1/h
Vi, = frequencles for translational oscillation of
| physically adsorbed ammondia and hydrogen
Yo, ohloride in the plane of the adsarbed layer

at the decomposition interface sec™t
Eo = activation energy for surface reaction calories a-mlo"."
™ ' = energy of adsorption of amsoria calories gemole
Ty, ™ WD of adsorptim of pardilori actd calories gemole

Tmplicit in equation (39) is the assumption that the rotational oscile

mmummwwnmohummswmm

mmqnmd.uvm'nm'yh may be estimated in the mamner of m411%°
3 A0,

20 1, 1. 7112, Jo Cheae Pyes, 15, 181199 (1948).

- mmam e e v e o LT v e e ve o s s e e




mm'aunandlmlabymofthomﬁon

2 5o ™ rensn and Te L. TH11, Jo Cheme Physe, 1Ty TTS-T8L (1959)e

Vo (v /ime) Y2 1002 x 208 (v 52) V2 sect (¥
where
Vmy =V, = translational oscillation frequenay in the x
or y directions in the plane of the physie
oally adsorbed layer soc™t
Y smdmpotmmmergyhmerwm-
lation in x or y direction args
®m = mass of adsorbed molecule | 3
= distance between potential minima along x or
y axis of surface lattios (assumed simple
cubte) o
v, = same as v, except for undt _ | koal g-nolo"]'
¥ = molosular weight of adsorbed molecule ¢ gemole™t
= game as ¢ exoept for unit :

mn”mmmmmnmvowumo,a-w |
koal g-mclee If HCLO0} ia adearbed prefurentially on a My ion and
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Y X

X, is adsorbed preferentislly on a C10) ion, the distance S should be
about equal to the 7.6} 4 side dimension of the wit cell in cuble
m,‘moh. Thus, the estimated frequencies are

Vg 5= 148 to 343 x 100 | soc ™t (10)
ey = -
Vﬂ% S5 047 to 13 % 1011 ' nc"l ()

As in the treatment for amonium chloride

B S5 2V S 600 to 2000 calaries gemole > (42)
E'm: == ,gncg Ay - R‘Tcg F AN calories g-nole'l (L3)
gnmh.‘b'_'mcgm%-mcse‘m,m ealor:.eae-mle'u' (L4)

where ‘mcg signifies an enthalpy of gublinetion measured at the tempar™
' amrcg. Mn,thethooreualvnuoofﬂmhmh( )at

Ty verage ° 532°% 1s between

Bn,‘mo&( cubdo) =55 x100 o («17,800/RT) | o sed™ (15)

Thecey (V,, assumed to be 03 keal geaole™Y)
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Bm!smh( ) n13x10° ep («19,200/Rr) e- sec  (45)
Theary (¥, assmod o be 140 koal grmcls™)

in fair agreement with the experimentally derived value

B 10, ey = 2 10" exp (~16,200/77) c ses™ (47)

Experiment

Use of energles of liquefaction instoad of energies of sublimation to
approximate h}and%ﬁ‘muld?nvo given an activation energy of

13,900 t0 15,500 calories gemole™F algo in fair agreement with the
experinental value, In these calculations the enthalpies of subli-
mation and 1iquefaction of amonda were token from & compilation by
the U. S. Buresu of Standards,?? The enthelpy of fusion of perchloric

2 1, 5. Buresu of Standards, Circular 500 (1952)s

scid ms estinated to be about 245 koal gewle™ by comparison with
nitric, sulfuric, and phosphoric acide The enthalpy of vaporisation
of perciloric acid ws estinated above o be 3¢5 koal gumole™ frem
npermodnuatmund”’c.
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TransitionsState Decomposition Rate Theory for
Internmosaic Orthorhombic m! ao!

Tor the linear decomposition of the intermosaic material in ortho-

 rhonbde NHC10) 5 the experimentally derived pre-exponential factor of

8 1

1.5 x 10° om sec™™ 43 shout the samo as for sublimation of simple onic

crystals and for the decomposition of calciun carbonates! In these
cases, the chief statistical difference between the initial and acti~-
vated states appears to be that rotation or nearly free roffnunn is
possitile only in the activated states Accordingly, it will be assumed
that the formation of the activatod complex for the docomposition of
intermosaic orthorhombic mihmoh requires the attaiiment of an almost
free rotational motion of the cm; fon at the decomposition interface.
A reasonable estimate of the initial state torsional oscillation fre-
qumqofttnﬂ.ﬁionisabont?&xmnm'l corresponding to a
charscteristic temperature 6 = h¥//k = 360°K, It will be assumed, in
acoordance with a suggestion by Bircuwmshaw and Newsn,® that the am-
montwm don 48 rotating almost freely in the initisl state in both ortho-
thontdc and cubic N, (10). Apropos of this ssswmption, tho neutron
Qiffraction experimonts of Tevy and Petarson,2> the infrared spectra
23 Hy Ae Lovy and S, T Peterson, Je Chem, Fyses 21, 36 (1953)

Je Ame Cheme SoCes 75, 1535=1542 (1953)¢




studies of Plumb and Hornig,2l! and the Raman spectre studles of Covture-
2 2, Co PLumb and De T. Hornig, Jo Chame Physe, 21, 36=367 and 1113
(1953)e '

¥athien and mﬂms provide evidence that one-dimensionsl rotation of

2 Lo Couture-tathisu and Jo P Mathieu, Jo Cheme Physes 49, 226 (1952)e
the m{‘ lon is posailile in the amwnim halides (ieees 1M Br, WD, T
mhn possessing the NaCletype structure, Moreover, the neutron dif-
fraction experiments® provide evidance for sppreciable rotatory oscile
1stion of the NHy dom 4n ND,Bre The fact thet CL07 is lorger than either
the Br™ or T~ 1on makes nearly free rotation of W) ion in crystalling -
mhmoha’dm:lnctpoadbﬂiw-

The attalmment of the activated complex for decorposition probadbly
almimlmamuomlmumotthomo',:m. In a namner analo=
@us to that used for the escaps veloclty during sublimation,’®? the
mmmumwmo:mmzmuuﬂnamm
componants, The partition finction for one of these compoments is in=
dluded in the XT/h facter of tho Fyring formulation of transition state
theorye The other two corponents are assused to be normil-state trans-
lational lattice vikrations, It is further assumed that the translational
lattics vitestions of the M) ion remin waltersd during the formation
of the activated state,




It 1s now possible to write an absolute rate expression for the pre~
exponentinl linear deocomposition rate factor of intermosaic orthorhombic
mhmoh,mmummmwm“urwmmmuammm

molecule, nuwely

- | 13 ! 1/2 "8’072'1‘ 3/2_
[ ®w & i‘ﬂ -
% W), C10, ('?"l) T A-ep( oﬁa-'_ 4

orthorhombic

where € & density of un,‘cmh (orthorhomblc) ===1,95.

- -
g =
X =
. =

Tea

characteristic temperature for httioq
vibration frequency, assuming equal
frequencies for translational and |
torsional oscillation =& 350

12 = gymuotry mmber of cm; ion

moment of inertis of cno; ion =
1.57 x 10~

averags temperature = S01

o sec™L (18)

g a™

Tz
o
]

g a2

x

Tnsertion of the above numerical constants into equation (1i8) ylelds

- 7
N, C10, (ortharhoniic) b x10
Theory

o sect (19)

| ]
in ressomable agresment with tho experimentally derived valus of 1,5

b 108 -] m.lg

o
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A theoretical ealoulation of the activation energy for the linear
decomposition of intermosaic orthorhombic mhc).o,‘ is not possible on
the basis of present knowledge,
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